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Abstract

Inhibitory effects of metabolites from balsam poplar (Populus
balsamifera) and Alaskan paper birch (Betula papyrifera) on cellu-
lose digestion in vitro were examined. Significant inhibition of
cellulose digestion occurred at concentrations of 5 mg per gram of
substrate for benzyl alcohol, cineole, papyriferic acid, and a steam
distillate fraction from juvenile paper birch. Digestibility declined
as increasing amounts of resin were added to the substrate, but the
rate of inhibition declined with each concentration increment.
Secondary metabolites present in resins of paper birch and balsam
poplar appear to be important in determining the relative nutritive
quality of these species.

Balsam poplar (Populus balsamifera) and paper birch (Betula
papyrifera)are relatively common tree species in the boreal forests
of North America (Rowe 1972). Although these plants are occa-
sionally fed upon by a number of herbivores, the relatively high
terpene and phenolic resin content present is generally sufficient to
reduce palatability and to deter browsing (Bryant and Kuropat
1980).

Major components of balsam poplar and Alaskan paper birch
(B. P. humilus)resin have been identified (Reichardt 1981; Unpub-
lished data, P.B. Reichardt) and the relative amounts present in
juvenile and mature plants and plant parts are being quantified. In
addition, bioassays are being conducted to evaluate deterrent
properties of different resin fractions isolated (Bryant and Kuropat
1980, Bryant 1981, Bryant et al. 1983, Unpublished data, P.B.
Reichardt).

Bryant and Kuropat (1980) speculated that current annual
growth (CAG) twigs of juvenile Alaska paper birch are less digesti-
ble than CAG twigs from mature-growth-form plants due to their
higher resin content, which may be toxic to rumen microbes.
Previous studies have demonstrated antibacterial effects or inhibi-
tion of digestion by rumen microbes exposed to various terpe-
noids. Nagy et al. (1964) found that essential oils in sagebrush
(Artemisia tridentata) inhibited bacterial growth and decreased
gas and volatile fatty acid production in rumen of mule deer
(Odocoileus hemionus). Oh et al. (1967) and Longhurst et al.
(1968) found that oxygenated monoterpenes present in Douglas fir
(Psuedotsuga menziesii) needles strongly inhibited Columbian
black-tailed deer (O.h. columbianus) rumen microbial activity.
Schwartz et al. (1980) reported that volatile oils present in various
junipers (Juniperus spp.) reduced cellulose digestion in vitro by up
to 40%.

In this paper, we present evidence that benzyl alcohol, cineole,
papyriferic acid, and a steam distillate fraction from juvenile
Alaska paper birch depress in vitro fermentation of cellulose sus-
pended in rumen fluid from wapiti (Cervus elaphus nelsoni).

Material and Methods

Four resin components, 2 each from balsam poplar and paper
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birch, were chosen for testing because of their ability to deter
browsing by snowshoe hare (Lepus americanus) (Unpublished
data, J.P. Bryant). Papyriferic acid, a triterpene carboxylic acid,
and a steam distillate fraction, composed primarily of sesquiter-
penes, from juvenile Alaska paper birch were provided by Dr. P.B.
Reichardt (Department of Chemistry, University of Alaska, Fair-
banks). Papyriferic acid was isolated from diethyl ether extract of
CAG twigs from winter-dormant juvenile plants by column chro-
matography. The steam distillable fraction of juvenile paper birch
was isolated by diethyl ether extraction of the steam distillate
(Personal communication, P. Reichardt). In addition, cineole (an
isoprenoid) and benzyl alcohol, 2 compounds present in balsam
poplar bud resin, were obtained commercially (Sigma Corp., St.
Louis, Mo.).

Sample Preparation

Concentrations of resin fractions used for in vitro trials were
based on the amount of each resin component available and on the
amount estimated to be present in CAG twigs from both mature
and juvenile forms of paper birch and balsam poplar (Unpublished
data, P.B. Reichardt). Because of the limited availability of papyri-
feric acid and paper birch steam distillate, treatment concentra-
tions for these compounds were 5 and 20 mg per gram of substrate.
Cineole and benzyl alcohol were tested at concentrations of 5, 10,
20, 40, and 100 mg per gram of substrate. All treatment concentra-
tions were prepared on a dry weight basis. Commercial purified
cellulose (“Alpha floc”, Lee Chemicals Ltd., Toronto, Ont.) was
used as a substrate.

Resin components were dissolved in excess acetone, placed into
a 150-ml round-bottom flask with the cellulose substrate, and
swirled until the material was saturated. The flask was then placed
on a vacuum roto-distiller with a water bath temperature of 50°C
forapproximately 10 minutes, or until the acetone had evaporated.
The treated cellulose was removed from the flask, placed into metal
dishes, and oven-dried at 40°C for 48 hours. Following drying,
samples were mixed in 2 micro mill and stored in sealed glass
containers.

In Vitro Techniques

The in vitro techniques used to measure digestion of dry matter
were developed by Tilley and Terry (1963) and modified by Mor-
gantini and Hudson (in press). Rumen inoculum was obtained
from a fistulated wapiti steer which was maintained on pelleted
aspen concentrate, alfalfa hay, freshly cut browse, and fresh grass
available ad libitum in a 1-ha pasture. Triplicate samples were
tested at each concentration level. Acetone controls were also
tested for antimicrobial effects. Differences were tested by one-way
analysis of variance and Duncan’s new multiple range test
(£<0.05).

Results

There was a significant decrease (£<0.001) in the digestion of
cellulose for all resin fractions tested (Fig. 1). All 4 resin compo-
nents significantly (£<0.05) inhibited digestion of cellulose at the 5
mg per gram concentration level. Digestibility continued to decline
as increasing amounts of resin were added to the substrate.
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Fig. 1. Effects of 4 secondary metabolites on percent cellulose digestion in
vitro, using wapiti rumen inoculum.

However, the degree of inhibition declined with each concentra-
tion increment.

The paper birch steam distillate was most inhibitory and reduced
cellulose digestion by 30.2% at concentrations of 20 mg of distillate
per gram of substrate (2% by dry weight). Benzyl alcohol and
papyriferic acid reduced cellulose digestion by 21.6 and 22.6%,
respectively, at the 20 mg per gram concentration level and was the
least inhibitory of the resin fractions tested. Acetone controls had
no dectectable antibacterial effects.

Discussion

In view of the relationship between forage digestibility, retention
time in the rumen, and rate of intake (Van Soest 1982, Owen-Smith
1982), digestibility is likely to be an important parameter in forage
selection by ruminants. The presence of chemicals impervious or
antagonistic to digestive enzymes, or which inhibit digestive pro-
cesses and microbial activity, will ultimately result in a lowered
energy and nutrient supply.

Results from the in vitro assay demonstrated that certain com-
pounds present in paper birch and balsam poplar resin inhibit
rumen microbial activity even at low concentrations. These find-
ings are in agreement with previous studies examining the effects of
terpenoids from other plants on rumen microbes and digestion
(Nagy et al. 1964, Oh et al. 1967, Nagy and Tengerdy 1968,
Schwartz et al. 1980).

Reichardt et al. (Unpublished data) found papyriferic acid pres-
ent in concentrations of up to 35% (dry weight) in the buds and
internodes of CAG twigs from juvenile Alaska paper birch. The
steam distillate fraction was present in lower concentrations
(<1%), primarily in buds of CAG twigs of juvenile plants. In
separate bioassays using snowshoe hares, it was demonstrated that
both papyriferic acid and the steam distillate deterred hare feeding
(Personal communication, J.P. Bryant). Inaddition, J. Oldemeyer
(Personal communication) found that CAG twigs from juvenile
Alaska paper birch were less digestible in moose (Alces alces)
rumen fluid (in vitro) than CAG twigs from mature trees, implying
that twigs from juvenile plants contain more digestion-inhibiting
substances.
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Since microbial fermentation supplies up to 70% of ruminant
energy requirements (Annison and Lewis 1959), chemical inhibi-
tion of microbes could directly affect animal performance, espe-
cially during the critical winter period. However, there are reports
of potentially toxic secondary metabolites being detoxified in the
rumen (Lanigan and Smith 1970, Cluff et al. 1982, Van Soest 1982)
and some compounds may even stimulate microbial fermentation
(Oh et al. 1967).

Avoidance of plants containing toxic compounds may help to
explain diet selection by vertebrate herbivores (Freeland and Jan-
zen 1974, Bryant and Kuropat 1980, Bryant 1981, Bryant et al.
1983). Indeed, herbivores obligated to feed upon woody plants
such as birches, willows (Salix spp.), and poplars for substenance
are exposed to a great number of different plant substances (Palo
1984). Observations on the feeding behavior of hare and moose
show that their selection within and between plants are not solely
explained by nutritional content (Bryant and Kuropat 1980, Bry-
ant 1981, Hjeljord et al. 1982).

Results from this study illustrate the potential negative effects
certain secondary metabolites present in resins of paper birch and
balsam poplar can have on rumen function. Secondary metabolites
appear to be important in determining the relative nutritional
quality of these species.
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